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H. B. WILLMAN AND R. R. R EYNOLDS 
INTRODUCTION 
The use of geologic structure as an aid in 
prospecting for zinc-lead ore in northwest-
ern Illinois is receiving much attention from 
mining geologists and others interested in 
prospecting. A report discussing the prob-
lem of prospecting was issued recently1 
without maps showing geological structure, 
as field work on these maps was incomplete. 
These maps and a brief discussion of them 
comprise this report which supplements the 
earlier report. This makes available all the 
data that have been collected and that may 
be useful in interpreting the geological struc-
ture of the principal mineralized area. 
Structural studies based on current drill-
ing are continuing, but the work has reached 
the stage where few additional records of 
past drilling will probably be found. 
The acknowledgments given in the 
earlier report apply likewise to this report. 
RELATION OF ORE DEPOSITS TO GEOLOGI-
CAL STRUCTURES 
The finding of structures of the type 
known to be commonly associated with the 
ore deposits offers the best possibilities for 
localizing drilling in large parts of the 
mineralized region of extreme northwestern 
Illinoi . Where outcrops or drill data are 
relatively abundant, structure may be an 
important help in selecting fairly large areas 
as more favorable than others. The relation 
*Th e large scale structure maps in this report 
were made available for reference in the offices 
of the State Geological Survey at Urbana and 
Galena in February, 1947. 
1Willman, H. B., Reynolds, R. R., and Herbert, 
Paul, Jr., Geological Aspects of Prospecting and 
Areas for Prospecting in the Zinc-Lead District 
of Northwestern Illinois: Illinois Geol. Survey 
Report of Investigations 116, 1946. This report 
is hereafter referred to as R.I. 116. 
of the ore deposit~ to structure and the use 
of structure in prospecting have been dis-
cussed in R.I. 116 (pp. 20 and 25-26) and 
are only briefly summarized below: 
In general, the ore deposits have a con-
sistent orientation and grouping which can 
be explained as related to the structural 
features of the strata in which they occur. 
Most of the ore deposits are thought to be 
associated with synclines or structural de-
pressions. The curved or arcuate-shaped 
ore bodies appear to be scattered along broad 
synclines in belts one-half mile to a mile 
wide and seem to be more common on the 
lower slopes than along the bottoms of the 
synclines. The long straight ore bodies, 
however, appear to be related to narrow 
structural zones, probably shear zones, 
which in Illinois trend north to northwest 
and cut sharply across the broad regional 
easterly trending anticlines and synclines. 
A narrow syncline which is confined fairly 
closely to the area of the ore body is com-
monly present with both types of deposits 
and is believed to be mainly the result of 
collapse following solution of some of the 
limestone beds. These solution-collapse 
structures were probably formed by the 
mineralizing solutions and therefore fol-
lowed the regional deformation. 
Within the ore deposits the rocks have 
both vertical and inclined crevices and shear 
zones and are commonly faulted on a small 
scale. In many places the strata are tilted 
and brecciated, and incompetent beds are 
contorted. In the barren ground adjacent 
to the deposits the strata are little disturbed. 
[ 5 J 
Because of these relations the objective 
of structural studies as related to prospect-
ing is to delimit synclinal areas and find 
surface evidences of disturbed rock. The 
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point cannot be over-emphasized, however, 
that the presence of favorable structural 
conditions does not necessarily indicate the 
presence of ore. Many structures are not 
ore-bearing. 
STRUCTURAL CoNTOUR MAPS 
The structural attitude or inclination of 
rock strata is conveniently portrayed by 
means of structural contour maps which 
show variations in the elevation of the top 
of a selected bed and are analogous to the 
familiar contour maps of the land surface. 
The structural contour maps accompanying 
this report have been made by plotting the 
elevation of the top of the Oilrock at all 
points where it is known or can be esti-
mated. These datum points are ( 1) drill-
holes in which the depth to the Oilrock 
is known, ( 2) outcrops of the Oil rock, and 
( 3) outcrops which contain distinctive beds 
whose stratigraphic position and distance 
above or below the Oilrock is known. The 
top or bottom of any distinctive bed whose 
position in the stratigraphic sequence is 
thus known can be used as a structural 
horizon, and any outcrop in which a struc-
tural horizon is recognized can be used as 
a datum point. The accuracy of this method 
depends on correct identification of the out-
cropping beds and a uniform thickness of 
the strata throughout the area mapped. 
About 600 feet of strata are exposed in 
the area, and in this sequence 12 structural 
horizons have been used. Other distinctive 
horizons could have been used but were 
close to those selected and were not needed. 
Several other horizons, not sufficiently dis-
tinctive for wide use, were employed locally 
where their position in the sequence could 
be accurately determined. The general 
sequence has been described in R.I. 116 
( pp. 12-14), and the identifying characters 
of the structural horizons are given in the 
next section of this report. 
Of the principal stratigraphic boundaries, 
only the contact between the Silurian 
dolomite and the underlying Maquoketa 
shale is not suitable for use as a structural 
horizon because of thickness variations in 
the adjacent beds. This contact is an ero-
sional surface with a relief probably exceed-
ing 50 feet. Because the Silurian and 
Maquoketa thickness variations are compli-
mentary, horizons high in the Silurian are 
nearly parallel to those in the lower Maquo-
keta and Galena and can be used for map-
ping structures. 
In the mineralized zones variations in 
thickness result from thinning of the beds 
by solution. In some of the major ore de-
posits, local thinning may be as much as 30 
feet. Most of the thinning by solution ap-
pears to be in the limestone beds, either in 
the Oilrock, Glassrock, and the upper part 
of the Trenton, or in all of them, but in 
places some of the overlying dolomite strata 
are also thinned by solution. 
Where solution of the strata below the 
top of the Oilrock is followed by collapse 
of all the overlying strata, estimation of 
the elevation of the top of the Oilrock from 
the elevation of other structural horizons 
in outcrops may be reasonably accurate. 
Where collapse of the overlying beds is not 
complete, the Oilrock top will be deeper 
than estimated. If strata above the Oil-
rock are thinned by solution, the Oilrock 
top will be shallower than estimated. These 
variations will be found principally in or 
near mineralized zones. 
Use of the top of the Oil rock for con-
touring the geological structures is favored 
because it is the horizon most commonly 
recorded in the test-drilling. Lower hori-
zons are not always reached and higher 
horizons are not consistently or accurately 
recorded. The principal alternatives are 
the top of the Clay-bed and the top of the 
chert in the Galena formation. Because 
the drilling character of the Clay-bed is 
greatly different from that of the Oilrock, 
the top of the Clay-bed is probably more 
accurately recorded than the top of the Oil-
rock. However, the irregular thinning of 
the Oilrock in the mineralized zones causes 
the top of the Clay-bed to fluctuate from 
2 to 14 feet below the top of the Oilrock. 
This, plus the fact that some of the older 
drilling did not reach the top of the Clay-
bed, detracts from its usefulness for con-
touring. 
STRUCTURAL HORIZONS 7 
The top of the chert in the Galena 
formation is widely exposed and a large 
proportion of the outcrop datum points are 
based on this structural horizon. Although 
many drill records give the first chert, usu-
ally called the top of the "flints," it is not 
easily distinguished by drilling characteris-
tics. Because there has been little use for 
the information, many drillers have made 
no effort to record it consistently. Also, 
the drill may penetrate several feet into 
the cherty beds before encountering chert. 
These factors would greatly reduce the 
number and accuracy of the control points 
that could be obtained from drill records 
if the top of the chert were used for con-
touring. 
The use of a horizon in the "Trenton," 
below the zone of solution, would differ-
entiate the structural effects of tectonic 
movements from solution effects, but is not 
practical in northwestern Illinois because 
these strata are not exposed, and test-drill-
ing rarely penetrates that deep. 
STRUCTURAL HoRIZONs 
SILURIAN DOLOMITE 
The Silurian dolomite contains many 
easily identified beds which may be used 
for structural horizons. The Silurian strata 
occur only in the upper part of the high 
ridges and mounds in the south and east 
parts of the principal mineralized area 
(pl. 6) . Outcrops occur on almost every 
nose or protruding point of land along the 
ridges but are much less common along the 
intervening reentrants or ravines. The 
Silurian strata are widely exposed farther 
south and east where future structural 
mapping will be based largely on Silurian 
datum points. 
The position of Silurian outcrops at the 
top of steep slopes and overlying the soft 
Maquoketa shale, commonly results in 
slumping of large Silurian blocks. Slumped 
blocks can usually be recognized by tilting 
of the strata. The reliability of any datum 
point depends on the relation to nearby 
points, and depressions indicated by only 
one point are viewed with suspicion. 
The Silurian dolomite consists of the 
following sequence of strata: 
10. Dolomite, slightly argillaceous, 
cherty, gray, dense to slightly 
vesicular; contains beds of 
brown porous dolomite with 
Thi'Ckness 
Feet 
many casts of Pentamerus. . 15 
9. Dolomite, gray to slightly pinkish, 
massive to faintly bedded; 
contains thin green shale 
partings and many silicified 
corals . . . . . . . . . . . . . . . . . . . . 25 
8. Dolomite, light gray, dense, well-
bedded, 2- to 8- inch beds; 
contains white chert in beds 
locally forming as much as 
50 percent of the unit; silici-
fied corals common... . . . . . . 50 
7. Dolomite, gray, fine-grained, 
finely . :resicular, massive, 
glaucomt1c . . . . . . . . . . . . . . . . 6 
6. Dolomite, gray, dense to finely 
vesicular, well-bedded, glau-
conitic, contains a persistent 
chert bed 1 foot above base 
5. Dolomite, gray, fine-grained, fine-
ly vesicular, extremely mas-
sive and cliff-forming. . . . . . 12 
4. Dolomite, gray, dense to finely 
vesicular, well-bedded, con-
tains scattered white chert 
nodules . . . . . . . . . . . . . . . . . . . 6 
3. Dolomite, gray, dense to finely 
vesicular, thin-bedded, con-
tains several distinctive thin 
porus layers with many fossil 
fragments . . . . . . . . . . . . . . . . 10 
2. Dolomite, argillaceous, gray to 
dark gray, thin-bedded, shaly 
partings, many scattered chert 
nodules . . . . . . . . . . . . . . . . . . . 50 
1. Dolomite, very argillaceous, dark 
gray, massive, few scattered 
chert nodules. . . . . . . . . . . . . . . 20 
Shale (Maquoketa) 
With the exception of the basal three 
units which are gradational, the units dif-
ferentiated above all have a sufficiently 
distinctive lithology that the contacts be-
tween them can be readily recognized. 
Units 9 and 10 and the upper part of 8 
are only locally present and they have not 
been generally useful for structural con-
trol. Likewise units 1 to 4 are exposed at 
only a few places because of the slump of 
the overlying strata. 
Units 5 to 7 form a prominent cliff 
throughout the entire region and contain 
the most useful structural horizons in the 
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Silurian strata. The 3 feet of well-bedded 
strata in unit 6 form a conspicuous re-
entrant in the cliffs at most places. A chert 
bed about a foot above the base of unit 
6 is a persistent bed and distinguishes this 
unit from the noncherty units above and 
below. It has been used as a datum point 
wherever found and is the "Silurian cherty 
bed" recorded on the accompanying maps 
( pls. 3-5). The most recent work has 
shown that in a few places the chert thins 
out and units 5, 6, and 7 form a massive 
cliff with no reentrant so that the exact 
position of the chert cannot be accurately 
determined. However, only a foot below 
the chert horizon the top of the lower 
massive unit ( 5) can be determined be-
cause glauconite, abundant in units 6 and 
7, is rarely found in unit 5. 
The Silurian cherty bed was found 452 
feet above the top of the Oilrock in a 
diamond-drill hole near the Bautsch mine. 
In outcrops, measurements of the interval 
between this bed and the nearest exposures 
of structural horizons in the Galena forma-
tion also indicated an interval of about 450 
feet~ The interval appears to be uniform 
throughout the small area where Silurian 
datum points have been used (pls. 4-5), 
but because of a strong unconformity at the 
base of the Silurian this interval may not 
be applicable in other parts of the region. 
An exceptionally good exposure of the 
Silurian strata occurs in Mississippi River 
bluffs about 7 miles south of Galena, near 
the center S. 0 , SE ~' sec. 21, T. 27 N., 
R. 1 E. where the strata from units 2 to 9 
in the section described above are exposed 
in a nearby vertical cliff. The Silurian 
cherty bed and associated strata are well 
exposed in the cliff east of the Gray Mine, 
in NE. ~ ' NW. ~ ' sec. 10, T. 27 N., R. 
1 E. 
MAQUOKETA SHALE 
The Maquoketa shale is the uppermost 
formation of the Ordovician system and di-
rectly underlies the Silurian dolomite. The 
shale is variable in thickness because of a 
strong unconformity at its top. Complete 
thicknesses are known at only a few places 
in the principal mineralized area but in the 
south part it is about 110 feet thick. a mini-
mum for the region. The shale appears to 
thicken northward and may be as much as 
200 feet thick near· Scales Mound. 
The tOP, of the Maquoketa shale is not 
uniformly parallel to other stratigraphic 
boundaries because of the unconformity and 
consequently is not suitable for use as a 
structural horizon. 
A distinctive fossiliferous bed known as 
the "depauperate bed" occurs at or close 
to the base of the shale and is a good struc-
tural horizon. This bed is only a few inches 
to one foot thick, is strongly pyritic, and 
is characterized by an abundance of small 
black phosphate nodules and small fossils, 
mostly pelecypods. Because of slumping ·of 
the overlying shale and dolomite, this bed 
is rarely exposed and consequently has only 
local use as a structural horizon. The de-
pauperate bed is exposed along a small 
ravine in NW. ~' SE. ~ ' SW. ~ ' sec. 
3, T. 27 N., R. 1 E. 
Because it is poorly exposed, the base of 
the Maquoketa shale (top of the Galena 
dolomite) is mapped (pl. 6) by assuming 
a uniform thickness of the Galena strata 
and estimating the elevation of the base of 
the shale from the structural contours show-
ing the elevation of the top of the Oilrock. 
Although some allowance has been made 
for the thick silty clay (loess) which mantles 
the upland areas, this deposit is variable 
in thickness and in areas where it is unusu-
ally thick the shale may not be as extensive 
as mapped. 
GALEN A DOLOMITE 
The most useful structural horizons m 
the principal mineralized area are in the 
Galena dolomite. Higher horizons are 
limited to a small area and are many feet 
above the ore-bearing strata. Lower hori-
zons are exposed only in a comparatively 
small area along Galena River (pl. 6) . 
However, many horizons in the Galena 
dolomite are easily identified and because 
the formation, as well as its individual 
units, has only minor variations in thick-
ness, any identifiable horizon can be used 
for determining structure. 
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Dubuque member.-The Dubuque mem-
ber consists of the uppermost 45 feet of the 
Galena dolomite, and is differentiated from 
the underlying strata because it is thin-
bedded and contains shale partings. The 
base of the Dubuque is placed at the lowest 
distinct shale parting. The upper 30 feet 
i thin-bedded, argillaceous, in part shaly, 
and has many shale partings, but the amount 
of argillaceous material decreases down-
ward, and the beds increase in thickness. 
The basal 15 feet of the Dubuque is only 
slightly argillaceous and is gradational to 
the underlying Stewartville. 
The top of the Dubuque (D, pls. 1, 3, 
and +) is easily recognized because of the 
sharp change to the overlying Maquoketa 
shale and the presence of the depauperate 
bed at or near the base of the shale. The 
contact between the shale and dolomite is 
well exposed in only a few places. Along 
streams heading in the Silurian escarpment 
or in areas of thick Maquoketa shale, the 
highest exposures of the dolomite are prob-
ably within 5 feet of the contact with the 
shale. 
ln the Royal Princess area (pl. 5) where 
exposures of the Dubuque and upper Stew-
artville strata are nearly continuous in the 
Mississippi bluffs for about 2 miles, almost 
any pronounced bedding-plane can be readily 
followed and used a a structural horizon. 
An e pecially persistent bed about 6 inches 
thick and bounded by unusually thick shaly 
partings occurs about 9 feet above the base 
of the Dubuque member and is a useful 
structural horizon ( D-7, pl. 5). 
An almost complete section of the 
Dubuque member and most of the underly-
ing Stewartville member are exposed about 
7 miles south of Galena in a small ravine 
in Mississippi River bluffs about 100 yards 
south of the mouth of a large ravine near 
the center of the E. 0, sec. 21, T. 27 N., 
R. 1 E. An unusually sharp differentiation 
of the Dubuque and Stewartville strata 
may be seen at the north end of Mississippi 
River bluffs in the NE. Y4'. , sec. 21, where 
the Stewartville is massive to its top and 
the overlying Dubuque is well-bedded. 
Stewartville member.-The Stewartville 
member consists of 35 feet of massive porous 
dolomite, uniform in character except for a 
slight thinning of the beds in the upper 10 
feet where the member is gradational to 
the overlying Dubuque. 
Because of its gradational lithology, the 
Dubuque-Stewartville contact can be identi-
fied with confidence that the error is less 
than 10 feet only in exceptionally good ex-
posures. The top of the Stewartville ( St, 
pls. 1-5) has been used as a structural hori-
zon only in localities where no other hori-
zons can be found. 
The fossil sponge Receptaculites is com-
mon in the lower 5 to 15 feet of the Stewart-
ville member and the base of this zone, 
known as the upper Receptaculites zone, is 
the contact with the underlying Prosser 
member. Because there is no change in the 
lithologic character of the strata at this 
position, and Receptaculites is never suf-
ficiently abundant to sharply limit the zone, 
a prominent bedding-plane is usually selected 
as the Stewartville-Prosser contact. As 
there is little assurance that the same bed-
ding-plane is selected in different outcrops, 
this contact is not a good structural horizon. 
However, repeated checking of the interval 
to other beds suggests that an error Is not 
likely to exceed 10 feet. 
The entire Stewartville member is ex-
posed in Mississippi bluffs in the NE. Y4'., 
sec. 21, T. 27 N., R. 1 E. 
Prosser member.-The Prosser member 
is about 140 feet thick and consists of 40 
feet of massive porous noncherty dolomite 
overlying 100 feet of interbedded cherty 
and noncherty or slightly cherty dolomite. 
The cherty strata are mostly more argilla-
ceous than the overlying strata and in part 
contain many shale partings (R.I. 116, table 
2, p. 12). 
The contact of the Prosser with the over-
lying Stewartville (P, pls. 3 and 4), as 
previously described, is a poor structural 
horizon and is used only where outcrops are 
very good and other better horizons are not 
available. 
The contact between the massive porous 
noncherty dolomite and the cherty dolomite 
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is commonly called the "top of the chert" 
as it is the highest stratigraphic position at 
which chert is found in the Galena forma-
tion. This contact is widely exposed 
throughout the area and is the most useful 
structural horizon ( C, pls. 1-5). The top 
of the chert is mapped on plate 6. The line 
separating the two divisions of the Galena 
dolomite (the dotted area and the finely 
ruled area on the map) is the line along 
which the top of the chert crops out at many 
places. 
The top of the cherty dolomite is usu-
ally easily recognized and in weathered out-
crops is frequently marked by a strong re-
entrant. The massive ledges above the top 
of the chert form steep bluffs, and the under-
lying slightly argillaceous cherty strata 
weather back beneath the bluffs. The bed-
ding-plane separating the massive porous 
dolomite from the cherty dolomite is used 
as the contact rather than the highest indi-
vidual nodule of chert. Chert nodules are 
usually abundant in the beds immediately 
underlying the contact but in some parts of 
the area only a few scattered nodules occur 
in the upper 5 or 6 feet, and locally they 
appear to be absent in this zone. On the 
other hand, scattered nodules of chert are 
locally found in the lower 2 or 3 feet of 
the massive porous dolomite above the con-
tact. Usually the contact is well defined 
and it can be confused only with some of 
the contacts between the cherty and non-
cherty zones which are 40 feet or more 
lower in the Prosser. 
About 15 feet above the top of the chert 
a thick shaly parting appears to be widely 
present in the massive porous dolomite. 
The shale is 1 to 2 inches thick and is 
probably bentonitic. The persistence of 
this shaly bed was not recognized while the 
present field mapping was in progress and 
consequently it has not been used as a 
structural horizon. Although its importance 
is somewhat reduced by its proximity to the 
distinctive chert top, it may be of consider-
able local importance in future work. The 
shaly bed and the top of the chert are well 
exposed in a road-cut on U. S. highway 
No. 20 on the east side of Galena in SW. 
' ~ ' NE. ~' sec. 20, T. 28 N., R. 1 E. 
From the top of the chert down to the 
top of the lower Receptaculites zone, about 
65 feet, no distinctive contacts suitable for 
widespread use as a structural horizon have 
been recognized in the outcrops. The nu-
merous lithological variations in this interval 
con ist of cherty zones separated by non-
cherty or slightly cherty zones, thick nearly 
continuous beds of chert, highly argilla-
ceous beds, and widely distributed but thin 
beds of shale, probably bentonitic. These 
are well sui ted for stratigraphic markers 
but are repeated so many times within the 
sequence that specific identification cannot 
usually be made. In local areas of nearly 
continuous outcrops some of these horizons 
have been used for detailing the structure. 
Structural horizons of this character are 
labelled as "In Prosser" on the structure 
maps (In P, pls. 1 and 5). Further study 
of this part of the Prosser will probably 
reveal beds with distinctive characteristics 
and will add many control points in the 
extensive area in which they crop out. 
A zone about 14 feet thick underlying 
the above strata contains Receptaculites in 
large numbers and is called the lower Recep-
taculites zone. As these beds contain only 
a few scattered nodules of chert, they are 
easily separated from the strongly cherty 
beds above and below. Both the top ( LR, 
pls. 1 and 2) and the bottom ( BLR, pls. 
1 and 2) of the lower Receptaculites zone 
are used as structural horizons. Good out-
crops are needed to use these structural 
horizons because of possible confusion with 
higher cherty and non cherty units and local 
presence of Receptaculites throughout the 
Prosser member. 
Beneath the lower Receptaculites zone, 
chert is usually abundant for about 12 feet. 
The base of this cherty zone is about 8 feet 
above the base of the Prosser member and 
is the lowest chert in the Galena formation. 
It is referred to as the "base of the chert" 
and is used as a structural horizon ( BC, 
pl. 1). 
DECORAH FORMATION 
The Decorah formation , composed of the 
Ion (above) and Guttenberg members, con-
tains several easily identified structural 
STRUCTURES AND ORE POSSIBILITIES 11 
horizons. It is exposed in only a small area 
along Galena River north of the south line 
of section 3, T. 28 N., R 1 E., about 2 
mile northeast of Galena. AI though these 
and older strata are shown on the areal 
geology map (pl. 6) as forming the surface 
of the bedrock along Galena River to its 
junction with Mississippi River, except in 
the area indicated above, they are deeply 
buried by valley-fill deposits of sand and silt. 
I on member.-The upper part of the 
Ion member consists of about 1 + feet of 
gray to buff dolomite containing thin green 
shale partings and is locally called "Gray." 
These beds overlie about 6 feet of dark gray 
dolomite which is partly sandy, contains 
thin beds of green shale, and is locally called 
"Blue." The top of the Gray is a structural 
horizon ( G, pl. 1) that may be recognized 
by a slight textural change from the over-
lying massive porous Galena dolomite, the 
absence of green shale in the Galena, and 
locally by a thin bed of green shale at the 
top of the Gray. The top of the Blue is 
also a structural horizon ( B, pl. 1) which 
is locally distinctive because of the sandy 
character of the Blue, its darker color, 
granular texture, and the presence of a thick 
shale parting. In places differentiation of 
the Blue and Gray i difficult but the con-
tact can usually be determined within a 
foot or two. 
Guttenberg member.-The Guttenberg 
member, called "Oilrock," is composed of 
about 14 feet of distinctive tan to brown 
dense limestone in 1 to 5 inch beds, inter-
bedded with reddish-brown shale and is 
used as. a structural horizon ( 0, pls. 1 and 
2). In and near ore deposits the Oilrock 
has been locally altered, principally by solu-
tion of the limestone beds, and also in a 
lesser amount by dolomitization. Where 
the limestone beds have been dissolved, only 
a reddish-brown soft punky shale remains. 
In cases of extreme alteration the unit may 
be thinned to 2 or 3 feet. 
PLATTEVILLE FORMATION 
The Platteville formation is exposed only 
in a small area along Galena River and 
consequently provides few structural datum 
points. 
The exposed Platteville strata belong to 
the Spechts Ferry member and consist of a 
distinctive green shale, 1 to 3 feet . thick, 
locally called the "Clay-bed," which over-
lies about 8 feet of limestone called the 
"Glassrock," the base of which is not ex-
posed. The Glassrock is a brown dense 
limestone which in places contains beds or 
irregular masses of dolomite and partings 
of dark brown shale. In general appear-
ance the Glassrock is similar to the Oil-
rock but may be distinguished by careful 
examination. 
The Clay-bed and Glassrock are well 
exposed in a bluff on the southeast side of 
Galena River, one mile southeast of Mill-
brig near the center of sec. 34, T. 29 N., 
R. 1 E. 
GEOLOGIC STRUCTURES AND ORE 
PossiBILITIEs 
Because the ore deposits are commonly 
associated with structural depressions or 
synclines, the principal synclines have been 
named (pl. 7) and are described below. 
All the datum points used in drawing 
the structural contours are plotted on the 
maps (pls. 1-5). It is apparent that the 
control points in parts of the area are 
widely scattered and that the structures 
are greatly generalized. Many small struc-
tures with sharp local relief, such as the 
depression directly beneath individual ore 
bodies, could easily occur between the datum 
points throughout large parts of the area. 
Drawing of the contours is largely inter-
pretative and alternatives should be con-
sidered. For example, the synclinal struc-
tures shown on the maps are so drawn that 
the structures appear much like valleys on 
topographic contour maps and are inter-
preted as more or less continuous depres-
sions between the scattered places where 
the datum . points give good control. Al-
though this interpretation appears to be the 
most likely, the depth and continuity of the 
depressions are probably not so uniform as 
shown. In some cases, datum points inter-
preted as on the side of a continuous syn-
cline may be in a local depression without 
great lateral extent. It is expected that 
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when additional drilling data are obtained 
a complex pattern similar to that in Vinegar 
Hill township (pl. 1) will be found, es-
pecially in the mineralized areas. 
Vinegar Hill syncline.-The Vinegar 
Hill syncline (pl. 1) named for the Vinegar 
Hill mine, trends northeast and extends at 
least 2Vz miles southwest from the Wiscon-
sin state-line near Galena River to near 
the Fox River Valley mine. The structure 
may extend some distance farther south-
west beneath the upland area followed by 
state Highway 80, but there are no out-
crops in this area suitable for determining 
structure. The syncline may continue to 
or beyond an area of strong deformation 
along Sinsinnawa River north of U. S. 
Highway 20 and about 4 miles southwest 
of the Fox River Valley mine. 
The structure contains a group of 
arcuate-type deposits in which the Vinegar 
Hill, South Unity, Hughlett and Gray, and 
North Unity mines occur (R. I. 116, pp. 
34, 36, and 37). Other mines of this type 
occur along the same trend farther north-
east in Wisconsin as far as Shullsburg. 
The Federal and Tunnel-Hill mines are 
just north of the state boundary. 
The distribution of the mines along the 
structural trend shows that ore bodies may 
occur in a zone about half a mile wide. 
The Vinegar Hill mine appears to be close 
to the axis of the syncline, but farther 
northeast in the vicinity of the other three 
mines the structure loses its symmetry and 
continuity. A structural complex results 
from a sharp bend with crossing structures 
on which are imposed solution-collapse 
structures. 
As this structure is strongly mineralized 
a zone along it at least half a mile wide is 
considered worthy of thorough prospecting. 
The trend of the ore in this area has long 
been recognized and there has been con-
siderable drilling, especially near the old 
mines. In the summer of 1946 the Eagle-
Picher Mining and Smelting Company was 
drilling on the trend both in the area 
mapped and farther southwest. 
Graham-Ginte syncline.-The Graham-
Ginte syncline (pl. 1) named for the Gra-
ham-Ginte mine ( R. I. 116, p. 33), 3 miles 
north of Galena, is a narrow nearly straight 
syncline. It trends slightly we t of north 
and is at least half a mile long. It may 
be largely a solution-collapse structure. 
The syncline is recognized only in or close 
to the ore-bearing zone where solution ef-
fects are strongly developed, and its relief 
is no greater than the total thinning of the 
beds. The structure is developed along a 
major joint system but is almost at right 
angles to the major axes of folding in the 
area. It appears to be crossed near the 
middle and the south end by east-west trend-
ing synclines. It is not located along a 
major syncline as are the arcuate-type ore 
bodies which occur on the Vinegar Hill 
syncline. The structure which controlled 
formation of the ore body may extend be-
yond the area mined and additional pros-
pecting along the trend is favored. 
Birkbeck syncline.-The Birkbeck syn-
cline (pl. 1), named for the Birkbeck mine 
(R.I. 116, p. 33), extends south and south-
east from the Illinois-Wisconsin state-line 
near Galena River for about 4 miles, JOin-
ing the Galena Syncline near the East 
Branch of Galena River. 
The presence of the syncline is indicated 
principally by drilling near the Birkbeck 
mine and on the Bell ( Southcott) property 
(R. I. 116, p. 35) in the NW. Ytl. sec. 35, 
T. 29 N., R. 1 E. The continuity of the 
structure between these two points is sug-
gested by the outcrop data but is not com-
pletely confirmed. Although the contours 
are shown as widely spaced on both sides 
of the structure, this results from the wide 
spacing of the control points and the de-
pression may be much narrower than 
mapped. Northwest of the Birkbeck mine 
several interpretations are pas ible but the 
most likely is that the structure curves 
northward to the state-line so that the 
Northwestern mine ( R. I. 116, p. 36) is 
on the west flank. If this is correct, the 
structure joins a prominent syncline which 
extends northwest from the state-line and 
contains the Kennedy and other large mines 
in Wisconsin. It has been called the Ken-
nedy trough. 2 
2Heyl, Allen V., Jr., and Agnew, AlleJ? F._. U. S. 
Geological Survey: Personal commumcatwn. 
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The jog by which the Birkbeck joins the 
Kennedy trough occurs at the place where 
the structure is crossed by the northeast-
trending Vinegar Hill syncline. Thus the 
Birkbeck structure appears to be the con-
tinuation of the Kennedy trough offset to 
the southwest along the crossing structure. 
If the Kennedy structure does not turn to 
join the Birkbeck, it apparently ends at 
the state-line becau e outcrops in Illinois 
directly southeast on its projected trend are 
structurally high. 
The presence of the Birkbeck and North-
western mines, the probable relation to the 
highly mineralized Kennedy trough, and 
the ore reported by drilling on the Bell 
(Sou thcott) property favor extensive pros-
pecting along this structrue. Although the 
potential ore-bearing horizons have been 
largely eroded along Galena River, exten-
sive areas east of the Northwestern mine 
on both sides of Galena River, an area north 
of the Birkbeck mine, the area between 
the Birkbeck and the Bell ( Southcott) 
properties and the area south of the Bell 
property principally in section 35, are es-
sentially unprospected and appear to be 
favorably located on the structure. 
Millbrig syncline.-The Millbrig syn-
cline (pl. 1) is a northeast-southwest trend-
ing structure named for the former village 
of Millbrig which is located about half a 
mile east of the structure and 4 miles north 
of Galena. The structural depression is 
suggested by only a few drill-holes and 
outcrop datum points so that its position 
and shape is poorly demonstrated. The 
contours on the south side of the structure 
are especially generalized. An alternative 
and equally likely interpretation is that the 
structurally low area at the southwest end 
of the syncline connects with the Graham-
Ginte structure to the south. If this is true, 
the northeast part of the syncline may con-
tinue southward joining the north-trending 
structure on the Zeal property ( R. I. 116, 
p. 47) in the north part of sec. 33, T. 29, 
N., R. 1 E. 
The area contains many lead diggings 
but no zinc ore has been mined. As the 
Millbrig syncline is parallel to and half a 
mile south of the highly mineralized Vinegar 
Hill syncline, its potentialities are worth 
investigation. There has been very little 
drill prospecting in section 28, partially be-
cause of its rugged topography. Because the 
structural pattern is poorly revealed by the 
available data, it may be necessary to drill 
one or more long cross-sections to establish 
the structural trends. 
Galena syncline.-The Galena syncline 
(pls. 1-3), named for the town of Galena, 
crosses the principal mineralized area from 
northeast to southwest along a gently curv-
ing course extending from Council Hill 
Station to Galena and southwest to the 
Mississippi River bluffs near Gears Ferry. 
The structure has a local relief near Coun-
cil Hill of at least 50 feet, and although it 
appears to be the largest structural feature 
in the principal mineralized area it has 
not been previously recognized. 
Throughout its length, nearly 10 miles, 
the presence of the structure is strongly 
indicated by outcrop datum points in only 
five areas, but it is supported by scattered 
points elsewhere. Although the data can-
not be interpreted as definitely establishing 
the continuity of the structure throughout 
its length, the presence of a major structure 
is well shown. Between Council Hill Sta-
tion and Galena the structure mostly under-
lies the upland area southeast of Galena 
River and East 'Fork. The north flank of 
the structure is controlled in part by datum 
points on structural horizons low in the 
Galena formation, while the south flank is 
in the area where the outcrops are all of 
strata high in the Galena formation. As 
the latter strata have few identifiable struc-
tural horizons only scattered datum points 
are available. Because the sides of the struc-
ture are based on different structural hori-
zons the possibility that a local change in 
the thickness of the strata is indicated rather 
than true structure should be considered. 
However, the fact that no thickness varia-
tions so large have been observed in this 
region and that drilling shows uniform 
thicknesses both north and south of the 
structure makes such a possibility unlikely. 
The exact position of the synclinal axis 
from Galena to the Mississippi River bluffs 
is also uncertain. At the Galena city quarry 
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(R. I. 116, p. 46) the south side of the 
structure i~ marked by a sharp north dip 
and a strong east-west shear zone. Near the 
west side of Galena the structure may be 
interrupted by a complex northwest-trend-
ing structure consisting of parallel shear 
zones and local variations in dip. However, 
the Galena syncline may pass through this 
structure or around its north end as mapped. 
From the southwest corner of Galena the 
structure is arbitrarily connected with the 
most prominent syncline found in the Mis-
sissippi bluffs a short d·istance south of Gears 
Ferry. Examination of the datum points 
shows, however, that north of Gears Ferry 
the Oilrock is also low and the major 
synclinal axis might well intersect the bluffs 
about half a mile north of the position 
drawn. 
The area along the Galena syncline has 
been very slightly prospected and no lower-
run zinc ore has been mined. The Appleton 
mine, 2 miles northeast of Galena, is in a 
middle-run type deposit on the north flank 
of the structure, and the Waters mine in 
Galena and the Betsy near Gears Ferry 
are in top-run deposits on or near the north 
flank of the structure. A few drill-holes 
on the Taylor (Burton) property and the 
Hudson property, east of Galena, are re-
ported to have found zine ore presumably 
in or near the Oilrock (R.I. 116, pp. 38, 
41, and 42). Several areas of heavy lead 
mineralization are indicated by dense con-
centrations of lead diggings, especially near 
Gears Ferry, on the east side of Galena, 
and near Council Hill Station. 
Unless the area along the Galena syn-
cline has been more extensively drilled than 
the available drill records indicate, the po-
tentialities of the structure are essentially 
unexplored. Because it is a prominent syn-
clinal structure nearly parallel to the similar 
ore-bearing synclines farther north in Illi-
nois and Wisconsin, and because large ore 
bodies occur both north and south of the 
structure, it appears to be favorably situ-
ated. Nevertheless, various conditions might 
have prevented mineralization in sufficient 
quantity to form ore bodies. A structure 
of this type would not be expected to have 
ore continuously along it. Instead, arcuate-
type ore bodies might occur scattered along 
it in a zone half a mile to a mile wide. 
Linear-type ore bodies such as the Black 
Jack and Graham-Ginte may cro it trend-
ing north or northwest. 
Selection of specific locations for drilling 
can be based on the presence of lead diggings 
and on local shear zones and strong dips. 
Long cross-sections will be needed to out-
line the structure more accurately than can 
be done by the outcrops. These will help 
in selecting the most favorable areas for 
more intensive drilling as indicated by the 
amount of mineralization, thinning and 
character changes in the Oilrock and Glass-
rock, and local structure. 
P01·tage syncline.- The Portage syncline 
(pl. 3) , named for the railroad junction 
called Portage, 2Yz miles southwest of 
Galena, is a northeast trending syncline 
whose axis intersects the Mississippi River 
bluffs near Portage. The syncline is asym-
metrical with a fairly sharp rise on the 
south flank where it has a relief of about 
40 feet. This structure might also be con-
sidered as a monocline, the sharp rise to the 
south interrupting the gentle regional south-
ward slope. On the east the Portage syn-
cline abuts the northwest-trending shear 
zones and complex st.ructure on the trend 
of the Black Jack structure. Except for a 
few scattered lead diggings, evidence of 
mineralization consists only of an unusually 
heavy concentration of calcite, especially in 
the strata near the top of the chert in the 
Galena formation. 
There is no record of drilling on the 
structure and its possibilities are untested. 
The ore-bearing strata have been removed 
by erosion beneath the valley-flat of the 
Galena River and accessible locations for 
drilling are largely on the south flank of 
the structure in the N. Yz of sec. 36. 
Blac.k lack syncline.-The Black Jack 
syncline (pls. 3 and 4) named for the Black 
Jack mine, 4 miles southeast of Galena, is 
a narrow northwest-trending structure 
which contains the Black Jack, Pittsburg, 
Gray, and Bautsch ore bodies (R. I. 116, 
pp. 33-35, and 37). It is at least 2% 
miles long, 200 to 500 feet wide, and has 
a maximum relief of about 30 feet. The 
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structure is based almost entirely on drill 
data and only three outcrops show the dips 
indicated by the drilling (R. I. 116, pp. 33 
and 43--H). 
Thinning of the beds in the ore zone 
suggests that the syncline is largely a solu-
tion-collapse structure. 
The Black Jack syncline apparently does 
not extend far beyond the zone of strong 
mineralization. Northwest of the Black 
Jack mine the syncline appears to end 
against a northeast-trending anticline, but 
the few outcrops and scattered drill holes 
are not adequate to demonstrate that the 
narrow structure does not go farther than 
mapped. Relatively strong dips and shear 
zones indicate the structure probably con-
tinues as far northwest as the central part 
of the SW. 0 sec. 33, T. 28 N., R. 1 E. 
Strongly developed northwest-trending 
hear zones also occur on the Black Jack 
trend farther northwest through the central 
part of sec. 25 and the southwest part of 
sec. 24, T. 28 N., R. 1 W. In this area 
they produce a structural complex which 
probably rises fi-om conflict with east-west 
crossing structures. The nature of the 
structure is poorly revealed by the scattered 
outcrops. Although these structurally com-
plex areas appear to be favorable for pros-
pecting, considerable drilling may be re-
quired to reveal the presence of mineral-
ized zones. 
Galena Junction syncline.-The Galena 
Junction syncline (pl. 3) named for Galena 
Junction, a railroad junction at the mouth 
of Galena River, 3 miles south of Galena, 
trends northeast and its axis intersects the 
Mississippi River bluffs about a third of a 
mile southeast of Galena Junction. The 
structure can be followed eastward from 
the bluffs for nearly a mile and may continue 
half a mile or more farther into the de-
pression in the north part of sec. 32. Near 
Mississippi River bluffs the exposed strata 
have a strongly developed joint system and 
relatively strong dips. The structure is un-
tested by drilling, but a well on the south 
flank of the structure on the F oeching farm 
is reported to have had some zine cuttings. 
Other synclines.-Several other synclines 
less well defined than those named and de-
scribed above may be observed on the struc-
ture maps. As shown by the slight amount 
of outcrop evidence for the Black Jack and 
Graham-Ginte structures, some of the 
minor indications of depressions, unusually 
steep dips, or shear zones, may be signifi-
cant. 
Drilling near the Big Indian mines ( R. 
I. 116, p. 38) on the Dooling property, 2 
miles north of Galena, (pl. 2) shows the 
presence of a strong depression but its trend 
and continuity is uncertain. Although 
mapped as connecting northeastward with 
a structurally low area near the south end 
of the Graham-Girite mine (pl. 1) and 
then continuing northeast to near Millbrig, 
this is largely based on the regional struc-
tural trend. The datum points are too 
widely separated to demonstrate continuity 
between the structurally low areas. 
One mile north of Council Hill (pl. 1 ) 
the presence of a north-trending syncline 
is suggested by a few scattered datum points. 
These points give little control and are of 
interest primarily because they suggest that 
a structure which is well defined farther 
north in Wisconsin and contains the Long-
horn and other mines may continue into 
Illinois. 
In the north part of Galena (pl. 2) a 
north-trending syncline with a local relief 
of at least 20 feet is suggested by several 
datum points. Although mapped as joining 
with the Galena syncline to the south this 
relation is uncertain. Northward there is 
little control. The structure could continue 
northward to join the depression at the Big 
Indian mines, previously mentioned, or it 
might turn northeastward to join a poorly 
defined depression which passes near the 
Buck Hill (Blewett) mine and the Drill-
Hole mine (R. I. 116, pp. 33 and 38). 
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